Introduction. Calculation of unelastic strains developing due to various processes in solids is a very complicated problem. It is not finally solved both in solid state physics and continuum mechanics. At the same time recently developed structure-analytical theory of strength [1, 2] presents the ground to deal with this problem. According to this methodology on the first stage micro strains corresponding to each specific process of mass transfer are calculated. Then the micro strains are summed on all orientations, physical and statistical variables with the aim of passing to the notions of continuum mechanics. On this stage, calibrating fields are added to the mean potentials and this allows to satisfy all conservation laws including those of the symmetrical character both for micro and macro levels. The described technique provides' good agreement with direct experiments [I] and this opens the perspective of solving more and more complicated problems. The present communication suggests the system of equations for calculating strains due to martensitic reactions, diffusion, radiation, elasticity, heat expansion and dislocation plasticity.
Let us agree that all the quantities refer to the crystal-physical basis u, v, w of an austenite grain. We shall consider austenite to be an initial state. Then the heat expansion strain rates for rustenite Afi$ and for martensite MflL are bflL = y E q (~i p~k g~b M + 6 i p 6 k q~h A )~, where T is the temperature; dot means time derivative, ~i k are components of the rotation matrix characterizing the orientation of a crystal physical basis relative to the parent auslenite crystal. Index "b" here and everywhere further denotes "A" or "M" which means "austenite" The rate of unelastic micro strain due to a direct martensitic transformation of the first order can be described by the formula 6: = Dik@, where Dik is the transformation strain tensor and @ characterizes the size of the martensitic crystal. Dislocation shears in martensite and austenite crystals also contribute to the total micro strain. Following the ideas of [1, 2] , we introduce an orthogonal basis 1, m, n of slip directing. The basis vector n is normal to the shear plane and allows shearing in any direction in this plane. Then we may write for the shear strain rate Tensor bsik still does not represent the total strain. One should add to it if necessary the strain produced by diffusion and the strain stimulated by radiation. Here bqo, rl , u:, b G , Kb, C b , Dn, Q,. are constants, "sign" is the sign-function.
~b "
If we agree with the existence of the calibrating field bpik, we must assume that the crystal after the dislocation shear is likely to be divided into two sub-regions in one of which (where the slips are going on) the field bpik is present and in the other (where there are no slips) the field -A bpik of the opposite orientation arises. Therefore one can speak of some b effective tensor potential bC F;=oik + a bpik, such that when po is "+": ab =+B>O, and Po Po when Po is "-" ab =-A<O .
Po
This remark becomes significant at analysis of the martensite crystals growth kinetics as in accordance with the requirements of thermodynamics it is dependent on the mechanical potential that is on bx and thus on whether po is "+" or Po is "-". Let us now calculate the quantity (DPO Here we must say that there is a number of peculiarities in the case of the first order transformations. Firstly, one must distinguish the stages of direct and reverse transformation because of the noticeable hysteresis. Secondly, the kinetics of the reaction is determined both by temperature T and stress oik in accordance with the effective temperature T. Thirdly, the transformation is characterized by the temperatures Ms and As for the start and Mf and Af for the finish of direct and reverse transformations which depend on the statistical parameter "s". Fourthly, as the experiment shows, the specific crystal of martensite or austenite can not be larger than some definite size which we denote by @, and (DI1 respectively. Fifthly, the specific crystal never grows through the entire volume of a body but is usually restricted for example to the size of a grain. At last, sixthly, if the material is subjected to radiation, large changes must take place in it according to two causes: (1) due to accumulation of radiation damages which affect thc characteristic temperatures As, Ms, Af, Mf (they become functions of the radiation dose W), (2) due to displacement peaks formation, which causes the reverse transformation proportionally to the factor of (DJ.
Considerations given above allow to write down the evolution equation for mV0,
where a is a constant.
All the above equations are nevertheless insufficient to solve arbitrary tasks. One must still take into account the rules of the material's behaviour of the austenite and martensite mixture as well as the laws of the inheriting of stress fields and strain hardening at direct and reverse reactions.
Elastic and heat expansion strains are determined by the mixture rules. Therefore
The further problem is the necessity of accounting for the inheriting of strain hardening at martensitic reactions, determined by the factor 7; -bz:, and of calibrating oriented stress bPik-Stresses bpyk grow at the rates boyk. Then the rate of their variation with the account of -0 inheriting is MIjik = ,jyk + A ,jik&z, ,bik = .pik -,pik6=. It is these tensor fields .Pik and ,pik that should be taken into account when phase composition is calculated. Similarly we shall calculate strain hardening. Total strain hardening rate of austenite and martensite accounting inheritance are: iiM = .t$ + ~-'r*&=, tiA = t i + A -' F~@ = . Analyzing all A e M P the suggested equations one can conclude that they allow to solve a very wide scope of tasks on predicting the mechanical behaviour of crystals undergoing martensitic reactions, dislocation plasticity, diffusion and effect of radiation.
Conclusion.
Suggested formalism, though the equations are somewhat cumbrous, is to the author's opinion clear in its physical contents. As the practice of its application to specific problems has shown, it can correctly describe practically all known regularities of the mechanical behaviour of alloys with thermoelastic martensitic transformation. Details one can find in [I] .
